Abstract Recycling of clothes is a straightforward approach for the supply of a coloured raw material which does not involve the cost of the colouring process. A real time and completely automated colour classification tool for woollen clothes to be recycled is proposed. The tool uses the combination of a statistical method, called matrix approach, of a self-organizing feature map (SOFM) and a feed-forward backpropagation artificial neural network (FFBP ANN)-based approach, to correctly classify the clothes by respecting the selection criteria provided by human know-how. The developed tool, which uses an appositely developed workbench with a spectrophotometer, is aware of the way the different coloured clothes to be recycled combine each other to create a new one. The tool has been validated using a set of 5,000 differently coloured clothes to be recycled and the classification error in classifying the clothes is within 5%, i.e., lower than the one resulting from the use of an expert human operator.
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Introduction
In Italy the wool industry produces a volume of approximately 50,000 ton/year of which 35,000 ton/year in the textile district of the city of Prato, in central Italy. The costs sustained by the wool industry are estimated at approximately 500 million euro. A wide range of products are thereby obtained by applying recycling techniques since the final product is often obtained using only one raw material. Accordingly, recycling is a basic approach for the supply of a raw material which does not involve the cost of the colouring process, since it comes from already coloured clothes. The common practice for companies performing wool recycling consists of providing the customer with a catalogue of the available colours. Depending upon the customer's choice, the company starts to search its storehouse for correctly coloured clothes. These are selected on the basis not only of the similarity of their colour to the desired one, but also of the knowledge of the recycling process. This process may lead to some little changes of the colour of a cloth. So the company's operators required to classify the clothes (called "pickers"), have to be aware of the way the different colours combine to create a new one. Some spectra that seem similar to other classes are classified by the pickers in two different classes. Moreover some spectra that seem to be similar are classified by the pickers in the same colour class. As a result highly specialised and well-trained operators must perform the selection process. Currently, several different methods for classifying the objects on the basis of their colour can be employed; for instance, the use of colour cameras [1] and colour histogram [2] . As already mentioned, in the classification of woollen clothes it is possible to have differently coloured clothes grouped together in colour classes, while apparently similar ones can be separated. For instance a cloth that seems to be classified in the colour class 29 (red), may be then washed (and this operation is known by the company staff) and after this operation it becomes a different colour (class 31). So in the classification, even if the spectrum is very similar to most of the spectra of colour class 29, the cloth is classified as colour class 31. This peculiarity, due to the way differently coloured wools combine into a newly coloured one, implies that no ordinary colour identification [3] and classification tool can be effectively used for clothes picking [4] with the result that human operators are needed to correctly perform the classification task. The coloured woollen clothes classification tool proposed in this work is designed to achieve an automatic and real-time classification of the clothes on the basis of their reflectance spectrum in order to select them, taking into account both the similarity of their colour and the knowledge of the recycling process. The proposed system provides a classification error for the clothes within 5% compared to the picker's selection criteria.
Background
Usually the selection procedure adopted by the companies' pickers for classifying the coloured clothes is split into two phases. First the clothes are grouped by colour families (red, blue, white etc.) and then the clothes belonging to a family are additionally classified in colour classes (for example six classes for the red family, nine classes for brown, etc.). In order to guarantee a correctly coloured final material, it is necessary to work in strictly controlled light conditions. It is important to emphasise once more that within a given class significantly different colours may be found while similar ones may belong to different colour classes or even families. From the description given above, it is evident that the selection method relies heavily on the judgment of the operators and consequently may vary remarkably depending on the operator's skill, colour perception and tiredness. Moreover, this method is characterised by a low and nonconstant productivity. The catalogue used for the presented research provided by a textile company working in Prato (Italy) consists of a set of 85 recycled wool samples, demonstrating all the colours available to the customer. Each sample represents a colour class; the classes are grouped in 10 colour families as can be seen in Table 1 (the total number of classes is 85). A cloth that has to be recycled must be classified in one of the catalogue families, and then in a class, even if there are significant differences between its colour and the one of the coloured sample in the catalogue.
